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Dynamically Expressed during Development
and Genetically Interacts with Brachyury
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and Rosa S. P. Beddington4
Division of Mammalian Development, The National Institute for Medical Research,
The Ridgeway, Mill Hill, London NW7 1AA, United Kingdom
We describe the identification, biochemical characterisation, and mutation of a novel mouse gene: Sp5. Sp5 encodes a
rotein having a C-terminal C2H2 zinc finger domain closely related to that of the transcription factor Sp1. In vitro, DNA
binding studies show that it binds to the GC box, a DNA motif present in the promoter of a very large number of genes,
including Brachyury, and recognised by members of the Sp1 family. However, outside of its DNA binding domain, Sp5 has
little homology with any other member of the Sp1 family. In contrast to the ubiquitous expression of Sp1, Sp5 exhibits a
emarkably dynamic pattern of expression throughout early development. This is suggestive of a role in numerous tissue
atterning events, including gastrulation and axial elongation; differentiation and patterning of the neural tube, pharyngeal
egion, and somites; and formation of skeletal muscle in the body and limbs. Mice homozygous for a targeted mutation in
p5 show no overt phenotype. However, the enhancement of the T/1 phenotype in compound mutant mice (Sp5lacZ/Sp5lacZ,
/1) indicates a genetic interaction between Sp5 and Brachyury. These observations are consistent with a role for Sp5 in
he coordination of changes in transcription required to generate pattern in the developing embryo. © 2000 Academic Press
Key Words: zinc finger; homologous recombination; mouse; mutant; Brachyury; T; genetic interaction; limb muscle
rogenitor cells.t
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1INTRODUCTION
Embryogenesis entails a precisely coordinated combina-
tion of proliferation, morphogenesis, cytodifferentiation,
and pattern formation. This is reflected by the intricate
patterns of gene expression observed and, therefore, the
control of transcription must play a pivotal role during
development. Transcriptional regulation involves the com-
plex interplay between general and tissue-specific transcrip-
1 These authors contributed equally to this work.
2 Present address: Department of Biotechnology and Genetics,
mithKline Beecham Pharmaceuticals, New Frontiers Science
ark North, Third Avenue, Harlow, Essex CM19 5AW, United
ingdom.
3 Present address: The Victor Chang Cardiac Research Institute,
t. Vincents Hospital, 384, Victoria Street, Darlinghurst 2010,
ustralia.
4 To whom correspondence should be addressed. Fax: 44 181 913c543. E-mail: rbeddin@nimr.mrc.ac.uk.
358ion factors, their effects being exerted by binding to spe-
ific DNA elements within the promoters of target genes.
One family of transcription factors, which are known to
lay an important role in the development of a variety of
rganisms, consists of those containing a zinc finger DNA
inding domain related to the Drosophila segmentation
ene Kru¨ppel (Pieler and Bellefroid, 1994). This family is
haracterised by having a DNA binding domain consisting
f multiple Cys(2)His(2) zinc fingers of the form Cys-X(2-
)-Cys-X(12)-His-X(3)-His, separated by a conserved
-amino-acid spacer of the form Thr/Ser-Gly-Glu-Arg/Lys-
ro. A subgroup of proteins containing this class of zinc
nger domain is the Sp1 family. Sp1 was one of the first
ukaryotic transcription factors to be identified and cloned
Dynan and Tjian, 1983). It recognises and binds to the GC
ox, or closely related sequences, present in a multitude of
ellular promoters and has been shown to be capable of
egulating many of these promoters in vitro (Briggs et al.,
986). On the basis of its ubiquitous expression and its
apacity to regulate many promoters, Sp1 has been consid-
0012-1606/00 $35.00
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359Sp5 during Mouse Developmentered a “housekeeping” transcription factor. That the tran-
scriptional regulatory significance of Sp1 and the GC box
may be much more complex than initially thought is
indicated by a number of observations.
First, it has been demonstrated that Sp1 is only one of a
family of proteins capable of binding to and acting through
the GC box. Sp3 and Sp4 were cloned on the basis of
structural homology to the Sp1 zinc finger domain and their
ability to bind to the GC box (Hagen et al., 1992; Kingsley
nd Winoto, 1992; Supp et al., 1996). Many other proteins of
he Sp1 family have been cloned more recently, including
biquitous Kru¨ppel-like factor (UKLF), erythroid Kru¨ppel-
ike factor (EKLF), and gut Kru¨ppel-like factor (GKLF) (re-
iewed in Turner and Crossley, 1999). In vitro, all these
roteins bind to the GC box or closely related sequences
ith similar affinities. However, despite the fact that some
f these proteins show a high degree of structural and
unctional conservation outside the zinc finger domain
Hagen et al., 1994; Kingsley and Winoto, 1992), they have
istinct transcriptional regulatory properties (Birnbaum et
l., 1995; Hagen et al., 1995; Kwon et al., 1999; Majello et
l., 1994, 1995; Turner and Crossley, 1999). Furthermore, as
result of alternate splicing and/or internal translation
nitiation, more than one protein may be derived from the
ame gene. For example the Sp1 and Sp3 genes give rise to
ifferent protein isoforms, and these have different tran-
criptional regulatory properties (Kennett et al., 1997; Per-
engiev et al., 1995). The transcriptional activity of Sp1 can
lso be modified by association with other cellular proteins.
or example, association of Sp1 with the ubiquitous cellular
rotein p74 results in inhibition of Sp1-mediated transcrip-
ion in vivo (Murata et al., 1994). Therefore, the picture of
n increasingly complex family of transcription factors is
merging. They are characterised by their common ability
o bind to the GC box but exhibit different transcriptional
roperties.
Second, the tissue distribution of these proteins varies
arkedly. Whereas Sp1 and Sp3 are ubiquitous (Hagen et
l., 1994, 1995), Sp4 is restricted to neural tissue (Supp et
l., 1996). Likewise, UKLF is broadly expressed (Matsumoto
t al., 1998), whereas EKLF is enriched in erythroid cells
Miller and Bieker, 1993), and GKLF is expressed highest in
olon, testis, lung, and small intestine (Shields et al., 1996).
Third, in addition to the regulation of housekeeping
enes, the GC box has been shown to be involved in the
egulation of many other genes involved in many cellular
ctivities. Sp1 is involved in the induction of expression of
number of genes in response to a variety of external
timuli, including EGF, cAMP, and PMA (D’Angelo et al.,
996; Merchant et al., 1995; Venepally and Waterman,
995). Both Sp1 and Sp3 interact with the retinoblastoma
Rb) protein and mediate the regulatory effects of this
rotein on the expression of a variety of growth control
enes whose expression is responsible for Rb-mediated
rowth suppression and induction of differentiation (Udva-
ia et al., 1993). Sp1 has also been shown to interact withthe cell-cycle-regulated transcription factor E2F (Karlseder
Copyright © 2000 by Academic Press. All rightet al., 1996; Lin et al., 1996). These observations, coupled
ith the importance of Sp1 in the expression of cell-cycle-
egulated genes such as TK and DHFR (Fridovich-Keil et al.,
991; Jensen et al., 1997), suggest an intimate link between
he Sp1 family of proteins and the cell cycle. In summary,
he GC box, through its interaction with an increasingly
omplex family of transcription factors, whose members
ave both different transcriptional activities and tissue
istributions, appears to be significant for a wide range of
ellular functions.
In vivo, the function of members of the Sp1 family has
egun to be elucidated. In Drosophila, the gap-like head
segmentation gene buttonhead (btd), a member of the Sp1
family, is required for the correct development of the
antennal, intercalary, and mandibular segments of the head
(Wimmer et al., 1993). In mammals, specific developmental
roles for vertebrate Sp1 family members have been con-
firmed by gene-targeting studies in a few cases (reviewed in
Turner and Crossley, 1999). As expected from its ubiqui-
tous expression, mice lacking a functional Sp1 gene are
retarded in growth, show a broad range of developmental
abnormalities, and die at day 11 of gestation, confirming the
importance of this gene in early embryonic development
(Marin et al., 1997). Mice lacking a functional Sp4 gene
usually die within a few days after birth and those that
survive are significantly retarded in development (Supp et
al., 1996). As might be expected from its expression pattern,
targeted disruption of EKLF results in fatal anaemia (Nuez
et al., 1995; Perkins et al., 1995).
From a screen for genes differentially expressed during
mouse gastrulation (Harrison et al., 1995), we have identi-
fied a novel member of the Sp1 family that we have called
Sp5. It encodes a protein containing a C-terminal Sp1-like
zinc finger domain. This zinc finger is highly homologous
to that of Sp1 and can bind to the GC box in vitro with the
same affinity. Outside the zinc finger domain, Sp5 has little
similarity to any other Sp1 family member, suggesting that
it may have different transcriptional regulatory properties.
The gene is first expressed at the onset of gastrulation and
later in development has a remarkably dynamic expression
pattern. Although Sp5 normally interacts with the GC box,
either in concert with Sp1 or with other GC-box binding
proteins, a null allele of this gene created by homologous
recombination produces no obvious defect in homozygotes.
However, the enhancement of the T/1 phenotype in com-
pound mutant mice (Sp5lacZ/Sp5lacZ, T/1) indicates a genetic
interaction between Sp5 and Brachyury.
MATERIALS AND METHODS
Identification and Isolation of the Full-Length Sp5
cDNA
The Primitive Streak minus Ectoderm and Endoderm subtracted
cDNA library (Dunwoodie et al., 1997) was hybridised to 10,000
gridded clones from the Embryonic Region library (Harrison et al.,
1995). Hybridising clones were sequenced and Sp5 represented a
s of reproduction in any form reserved.
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360 Harrison et al.novel cDNA (GenBank Accession No. AF279479). Initially a clone
of approximately 1.5 kb, truncated at the 59 end, was identified. A
full-length cDNA clone was obtained by use of the Marathon
cDNA amplification kit (Clontech) according to the manufactur-
er’s instructions.
Embryo Recovery and RNA in Situ Hybridisation
Embryos were collected from timed C57BL6 3 DBA matings.
Noon on the day of appearance of the vaginal plug is designated 0.5
day postcoitum (dpc). Embryos were dissected from the uterus and
Reichert’s membrane was removed as described by Beddington
(1987) in M2 medium (Hogan et al., 1994) containing 10% foetal
alf serum (Advanced Protein Products) instead of bovine serum
lbumin. Embryos for whole-mount RNA in situ hybridisation
ere rinsed in phosphate-buffered saline (PBS) and fixed in 4%
araformaldehyde in PBS at 4°C for 24 h. Whole-mount RNA in
itu hybridisation, sectioning, and photography were performed as
escribed in Dunwoodie et al. (1997). Antisense riboprobes were
ssentially transcribed according to Wilkinson (1992) except that 1
M DIG–UTP and no unlabelled UTP was used during riboprobe
ynthesis. The riboprobe corresponds to nucleotides 100 to 704 of
he Sp5 cDNA.
Electrophoretic Mobility Shift Assay of in Vitro-
Synthesised Sp5 and Sp1 Proteins
The Sp5 ORF was subcloned into the vector pET31 (Novagen)
and expressed in Escherichia coli strain BL21/(DE3)pLysS as de-
scribed by Lehming et al. (1994). The resultant His-tagged Sp5
protein was isolated from bacterial lysates using the HisTrap kit
(Pharmacia Biotech) under denaturing conditions (8 M urea) accord-
ing to the manufacturer’s instructions. Urea was removed by
successive dialysis of the eluent against dialysis buffer (50 mM
Tris, pH 7.8, 500 mM NaCl, 100 mM KCl, 10 mM MgCl2, 1 mM
ZnCl2, 0.1% NP-40, and 10 mM DTT) containing 6, 4, 2, 1.5, 1,
0.75, 0.5, and 0.25 M urea and finally dialysis buffer alone. Purified
protein was visualised by Coomassie staining of SDS–PAGE gels.
Electrophoretic mobility shift assays were carried out using the
Gel Shift Assay Core System (Promega) according to the manufac-
turer’s instructions, except that the Gel Shift Binding 53 buffer
was supplemented with 1 mM ZnCl2. Binding of purified His-
tagged Sp5 protein and purified Sp1 protein (obtained from Pro-
mega) to the Sp1 consensus oligo (59-ATT CGA TCG GGG CGG
GGC GAG C-39; Promega) was analysed.
Targeting of Embryonic Stem Cells and Generation
of Chimaeras
A genomic clone including the Sp5 locus was isolated from a
129/SV genomic library (Stratagene) using a NcoI/KspI restriction
fragment derived from the 59 end of the full-length Sp5 cDNA clone
nucleotides 100–450) as probe. To construct the targeting vector,
n approximately 2-kb StuI restriction fragment derived from the
enomic clone was used as the 59 arm of homology and was cloned
pstream of the IRES-b-galactosidase cassette in vector 1095 (cour-
esy of Andrew Smith). A 4-kb KspI/KpnI restriction fragment
erived from the genomic clone was used as the 39 arm of homology
nd was cloned downstream of the MC1 promoter-NEO selection
assette of vector 1095. The targeting vector also contains a Pgk-TK
assette for selection against ES cell clones having undergone
onhomologous recombination events. Forty micrograms of lin-
Copyright © 2000 by Academic Press. All rightarised targeting vector DNA was electroporated into CGR8 ES
ells (Mountford et al., 1994). ES cells were cultured and electro-
orated according to Skarnes et al. (1995). Two hundred G418- and
ancyclovir-resistant clones were picked, expanded, and subjected
o Southern blot analysis using specific 59 and 39 DNA probes
xternal to the targeting construct. Thirty of these clones were
hown to have undergone homologous recombination. Three of the
orrectly targeted clones were injected into C57BL6/J blastocysts
ccording to Hogan et al. (1994). Genomic DNA was isolated
Hogan et al., 1994) and subjected to Southern blot analysis
Sambrook et al., 1989). Mutant versus wild-type individuals were
enotyped by PCR (upstream primer CAC CCT TGG ACT GCC
AC AT and downstream primer GGG CAG CAG GTT GGA
TA GC) with 5% DMSO in the PCR buffer.
The Sp5 mutants were maintained on a mixed background
129/C57BL6/J). The T mutants were maintained on a 129 back-
round. Double heterozygotes Sp5lacZ/1, T/1 were backcrossed
with Sp5lacZ/Sp5lacZ, 1/1 individuals. Individuals from this back-
cross were genotyped and brother/sister mated and their progeny
were analysed.
Chromosomal Mapping of Sp5
The Mouse/Hamster radiation hybrid (RH) panel was used
according to the supplier’s instructions (Research Genetics). ACC
GGG ACA CTT TCG AGG CCA CTC C was used as an upstream
primer and CAG CAG CGA CTC CCA CAA GCA AGG C as a
downstream primer to specifically amplify a 295bp fragment from
the mouse locus.
Skeleton Preparations
Newborn skeletons were prepared as previously described
(Houzelstein et al., 1997) with the following modifications: Dead
ewborn mice were immersed in 62°C water for 45 s before
kinning. Staining was carried for at least 72 h.
RESULTS
Identification and Cloning of Sp5
The generation and validation of a series of cDNA librar-
ies from the individual germ layers and primitive streak of
the gastrulating mouse embryo have been described previ-
ously (Harrison et al., 1995). Using a subtractive hybridisa-
ion strategy designed to remove cDNAs present in ecto-
erm and endoderm from the Primitive Streak library, we
erived a further library enriched for cDNAs corresponding
o genes expressed in the primitive streak and nascent
esoderm. This cDNA library was used to probe gridded
lters of total primitive streak cDNAs. A number of novel
enes, including Delta 3 (Dunwoodie et al., 1997) and Sp5,
were identified and their expression in the primitive streak
from the onset of gastrulation was confirmed by whole-
mount in situ hybridisation.
The original Sp5 clone contained approximately 1 kb of
coding sequence and 500 bp of 39 untranslated region. This
cDNA clone contained an open reading frame coding for a
Kru¨ppel-class zinc finger domain. Additional sequence was
generated by 59 RACE-PCR, producing a 1825-bp-long
s of reproduction in any form reserved.
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361Sp5 during Mouse DevelopmentcDNA. Since the size of this cDNA corresponded to a band
of approximately 2 kb detected by Northern blot analysis of
RNA from embryonic stem (ES) cells (data not shown), it is
considered to represent the full-length cDNA. An ORF of
1194 bp encodes a putative protein of 398 amino acids (Fig.
1A; GenBank Accession No. AF279479). In a genomic
clone, a single intron of approximately 600 bp was identi-
fied towards the 59 end of the open reading frame, between
nucleotides 151 and 152 (data not shown).
Sequence analysis revealed a Kru¨ppel-class zinc finger
domain, highly homologous to the one found in the mem-
bers of the Sp1 family of proteins, at the C-terminus of the
putative protein (Figs. 1A and 1B). The conservation of this
zinc finger domain suggests that Sp5 should bind to the
same target DNA sequence as that defined for Sp1 in vitro
(see below). A short sequence close to the zinc finger
FIG. 1. Nucleotide sequence and conceptual translation of the Sp
indicated in bold, the zinc fingers are underlined, and stretch of 1
sequence comparison between Sp5 and selected Sp1 family memb
those of Sp5 are shaded in black. The zinc finger domains of mousedomain of Sp5 (shown in bold in Fig. 1A) has strong 1
Copyright © 2000 by Academic Press. All rightomology to the btd box also found in Drosophila btd as
ell as mouse Sp1 and Sp3 (Wimmer et al., 1993). This
omain has been implicated in transcriptional activation of
ertain promoters by Sp1 in synergy with members of the
terol regulatory element binding proteins family (Athani-
ar et al., 1997). A stretch of 13 amino acids
SPLALLAATCSR/KI, boxed in Fig. 1A) is also found to-
ards the N-terminus of Sp1, 2, and 4. However, its
unction has yet to be elucidated. Otherwise, there is little
omology between Sp5 and other Sp1 family members. Sp5
s unusually rich in alanine and proline (each representing
pproximately 15% of the whole protein) and contains a
ontinuous 10-amino-acid stretch of each. Such polyalanine
r polyproline domains have been shown to contribute to
ctivation or repression domains in other transcription
actors (see for example Gerber et al., 1994; Izzo et al.,
NA. (A) The putative protein of 398 amino acids. The Btd box is
ino acids conserved in Sp1, 2, 4, and 5 is boxed. (B) Amino acid
ithin the zinc finger domain, amino acids which are identical to
to Sp4, Drosophila Sp1 (DSp1), and Buttonhead (btd) are indicated.5 cD
3 am
ers. W999).
s of reproduction in any form reserved.
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362 Harrison et al.In Vitro Expression, Purification, and
Characterisation of Sp5*s DNA Binding Properties
The amino acid sequence of the zinc finger domain of the
Sp5 protein predicts a DNA recognition sequence identical
to that of Sp1. In order to investigate the DNA binding
characteristics of Sp5 in vitro the protein was synthesised
as a His-tagged fusion in bacteria and purified as described
under Materials and Methods. The His-tagged purified
protein has a molecular weight of approximately 46 kDa as
judged by SDS–PAGE (data not shown), which compares
well with a predicted molecular weight of 42 kDa.
The DNA binding characteristics of the purified Sp5
protein were investigated and compared to those of the Sp1
protein by the electrophoretic mobility shift assay. Both
Sp1 and Sp5 were incubated with the Sp1 consensus oligo,
a double-stranded DNA sequence containing the consensus
GC box to which Sp1 optimally binds in vitro. Both
roteins bound specifically to this oligonucleotide and the
etarded complexes were competed off only by the consen-
us oligo containing the GC box (Fig. 2A). The relative
ffinity of Sp1 and Sp5 to the GC box was judged by the
bility of the Sp5 protein to displace Sp1 bound to the
FIG. 2. Band shift experiments showing that Sp5 protein binds th
Sp5 and Sp1 proteins to the Sp1 consensus oligo (59-ATT CGA T
contain Sp1 protein and lanes 5–8 Sp5 protein. Lanes 3 and 7 cont
and 8 an excess of unlabelled nonspecific (NS) competitor oligo (5
complexes are indicated. (B) Sp1 and Sp5 bind the Sp1 consensus ol
oligo and Sp1 protein only. Lanes 2–8 contain a constant amount
molar ratios of Sp1:Sp5 of 8:1, 4:1, 2:1, 1:1, 1:2, 1:4, and 1:8, respeonsensus oligo. As shown in Fig. 2B an approximately r
Copyright © 2000 by Academic Press. All rightqual molar quantity of Sp5 was required to achieve 50%
isplacement of Sp1 from the consensus oligo.
Expression of Sp5 during Embryogenesis
Expression correlates with the formation of nascent
mesoderm. Sp5 expression is first detected during gastru-
lation in the primitive streak (Fig. 3A, arrow). Expression
persists in the streak throughout gastrulation (Figs. 3B–3D
and 4) and thereafter in the tail bud (Fig. 4E) until axial
elongation is complete (13.5 dpc; data not shown). Trans-
verse sections through the primitive streak show accumu-
lation of Sp5 transcripts in the ectodermal layer of the
primitive streak and in emerging embryonic mesoderm (Fig.
3C). Sp5 does not appear to be expressed in extraembryonic
esoderm. At the full-length primitive streak stage Sp5 is
xpressed in the ventral layer of the node and nascent
otochord (Fig. 3D). Expression in the notochord is apparent
ntil at least the 40-somite stage (Fig. 4 and data not
hown). In conclusion, Sp5 is expressed in those regions of
he embryo responsible for supplying nascent tissue
hroughout embryogenesis in order to generate a complete
consensus site with the same affinity as Sp1. (A) DNA binding by
GG CGG GGC GAG C-39). Lanes 1 and 5, free oligo; lanes 2–4
n excess of unlabelled competitor consensus oligo (S) and lanes 4
C TTG ATG AGT CAG CCG GAA-39). Free DNA and retarded
ith approximately equal affinities. Lane 1 contains Sp1 consensus
1 protein and, in addition, increasing quantities of Sp5 protein at
ly.e Sp1
CG G
ain a
9-CG
igo w
of Spostrocaudal axis.
s of reproduction in any form reserved.
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364 Harrison et al.Expression in the developing neural tube. Rostral ex-
pression of Sp5 in the embryo was first evident at the late
streak stage as two bilaterally symmetrical spurs of paraxial
mesoderm (data not shown). By early headfold stage, this
paraxial mesoderm lies beneath the cranial neural folds in
the region of the prospective midbrain and it expressed Sp5
Fig. 4A). Shortly afterwards expression was apparent in the
rospective midbrain itself (Fig. 4B), persisting through the
- and 12-somite stages (Figs. 4C, 4D, and 4I) in a region
orresponding to the expression domains of Wnt1 and En1
(Davidson et al., 1988; Davis and Joyner, 1988; McMahon et
al., 1992). By the 22-somite stage, Sp5 expression was
concentrated in the dorsal forebrain and dorsal and ventral
regions of the midbrain, as well as in the isthmus at the
midbrain/hindbrain junction (Fig. 4E). At the 40-somite
stage, expression of Sp5 was confined to a narrow dorsal
tripe at the posterior aspect of each telencephalic vesicle, a
road dorsal domain of the diencephalon (pretectum and
pithalamus), two discrete dorsal stripes immediately lat-
ral to the roof plate, and an additional lateral stripe in the
egion of the cerebellar primordium (Figs. 4F, 4G, and 4H
nd data not shown).
Transcripts of Sp5 were first detected in the spinal cord at
he 6-somite stage (Fig. 4C) where they were restricted
orsally. By the 12-somite stage, this dorsal domain of
xpression extended along almost the entire length of the
FIG. 3. Whole-mount in situ hybridisation of Sp5 RNA in early g
rior to primitive streak formation in the embryos on the left at 5.
detected in the region of the primitive streak shown in early streak
distally with the primitive streak and laterally with the formation
(B) showed Sp5 transcripts localised to the epiblast adjacent to the p
esoderm (white arrow). In the mesoderm the level of transcript
treak stage Sp5 transcripts were more restricted to the primitive st
ascent notochord (white arrow). All embryos are viewed laterally
IG. 4. Whole-mount in situ hybridisation of Sp5 RNA from 7.
transcripts were readily detected in the primitive streak and presum
(A) transcripts were also localised to anterior mesoderm underly
transcripts were detected in the neuroectoderm, mesoderm, endo
arrowhead, confirmed by transverse section, data not shown). The
and (D) ventral views of the same 6-somite stage embryo showing S
and overlying ectoderm in the pharyngeal region (black arrowhead
the 22- (E) and 40- (F) somite stage Sp5 transcripts were localised t
(white arrowhead), the isthmus at the midbrain/hindbrain junction
ectoderm of the pharyngeal arch (long black arrow), the dorsal n
Transcripts were also detected at the 22-somite stage (E) in the
forelimb bud (red-outlined arrowhead), the presomitic mesoderm,
transcripts were localised to dorsally and ventrally located cells in
(long white arrow), and the nasal pits. Frontal (G) and back (H) vie
detected in a narrow stripe at the posterior aspect of each telencepha
dorsal stripes lateral to the roof plate of the midbrain and in the r
transcripts were evident in the presumptive midbrain (white ar
mesoderm, and the primitive streak (black arrow). Transverse s
transcripts were localised to (J) endoderm and overlying surface e
dorsal neural tube (red arrow) and dorsal somite (red arrowhead), (L)
(white arrowhead), and lateral mesoderm, (M) notochord (white
mesoderm, and ectoderm of the primitive streak region (black arrow).
Copyright © 2000 by Academic Press. All righteural tube, from the pre-otic sulcus caudalwards (Figs. 4I,
K, and 4L). In contrast Sp5 transcripts in the neural plate
nd primitive streak region were ventrally located (Fig. 4N)
nd nascent neural tube did not appear to express Sp5 (Figs.
I and 4M). Expression in the dorsal neural tube continued
ntil the 40-somite stage (Fig. 4F) although at this time
ranscripts were no longer detectable in the roof plate.
Expression in somites and their derivatives. Somitic
p5 expression was first detected at the 6-somite stage, and
hroughout early somite stages transcripts were restricted
o the dorsal aspect of each somite (Fig. 4L). As somites
ature this relatively broad dorsal domain resolves into a
oncentration of transcripts restricted to the dorsomedial
ip of the dermamyotome, the region from which the
paxial musculature originates. From approximately the
2-somite stage, Sp5 transcripts were also detected in the
entrolateral lip of the dermamyotome where the progeni-
ors of hypaxial and limb musculature reside (Figs. 5A and
E; see Cossu et al., 1996, for review). This expression,
hich is illustrated at the 40-somite stage (Figs. 4F and 5B),
ersists until at least 12.5 dpc. Somitic expression of Sp5 is
eminiscent of Pax3 expression, which is also readily de-
tected in the dorsomedial and ventrolateral lips of the
dermamyotome (Figs. 5C and 5D). However, unlike Sp5,
lower levels of Pax3 transcript also accumulate throughout
the intervening dermamyotome.
lation stage mouse embryos. (A) Sp5 transcripts were not detected
6.0 dpc. Following the onset of gastrulation Sp5 transcripts were
e embryos on the right (black arrow). (B) Sp5 transcripts extended
e nascent mesoderm. (C) Cross section at the level of the arrow in
ive streak, the streak itself (black arrow), and the emerging nascent
mulation appeared greatest adjacent to the streak. (D) At the late
region (black arrow) and were also detected in the ventral node and
posterior to the right for the streak stage embryos.
11 dpc. At the neural plate stage (A) and 2-somite stage (B) Sp5
e trunk paraxial mesoderm (black arrow). At the neural plate stage
he cranial neural folds (white arrow). At the 2-somite stage Sp5
, and notochord within the presumptive midbrain region (black
arrow marks the anterior boundary of this expression. (C) Lateral
pression in the prospective midbrain (white arrow), the endoderm
the primitive streak and presomitic mesoderm (black arrow). At
midbrain in dorsal and ventral domains, the dorsal diencephalon
ite arrow), the pharyngeal pouches (black arrowhead), the surface
l tube (red arrow), and the dorsomedial somite (red arrowhead).
l otic vesicle (asterisk), the ventrolateral somite adjacent to the
the primitive streak (short black arrow). At the 40-somite stage
imb buds (red-outlined white arrowhead), the ventrolateral somite
the head of the embryo in (F). High levels of Sp5 expression were
esicle (white arrowhead) and the diencephalon (G) and two discrete
of the cerebellar primordium (H). (I) At the 12-somite stage Sp5
ead), the pharyngeal pouches (black arrowhead), the presomitic
ns of the embryo were taken at the indicated axial levels. Sp5
lium of the developing second pharyngeal pouch (arrowhead), (K)
l neural tube (red arrow), dorsal somite (red arrowhead), notochord
head) and lateral mesoderm, (N) endoderm (white arrowhead),astru
5 and
stag
of th
rimit
accu
reak
with
5 to
ptiv
ing t
derm
white
p5 ex
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o the
(wh
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dorsa
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Copyright © 2000 by Academic Press. All rightThe first somites to contain Sp5 transcripts at their
ventrolateral margin were those adjacent to the developing
forelimb at the 22-somite stage (Figs. 4E and 5E). By the
25-somite stage this expression became dispersed (Fig. 5F)
and was later detected within the limb bud. Although the
domain of Sp5 expression increases with the growth of the
imb bud it remains proximal (Fig. 5G). By the 60-somite
tage transcripts were detectable only in a small population
f cells restricted to the palmar surface (data not shown). In
he limb, as in the dermamyotome, Pax3 expression is very
imilar to that of Sp5 (Fig. 5H). However, in the limb at the
0-somite stage, Sp5 expression is restricted to fewer, more
uperficial, cells than Pax3 (compare Figs. 5I and 5J).
The migratory muscle precursor population that enters
he limb has been shown to express Pax3 (Williams and
rdahl, 1994). Pax3 and Sp5 appear to be expressed in the
ame proximal domain in the limb bud (Figs. 5G, 5H, 6A,
nd 6B). However, their expression is not identical, as Sp5
xpression is restricted to discrete dorsal and ventral re-
ions, whereas Pax3 expression extends along the dorsoven-
ral limb axis (compare Figs. 6D and 6E). To test whether
p5 is expressed in the Pax3-expressing muscle progenitor
ells we examined Sp5 expression in homozygous Splotch
Sp2H/Sp2H) embryos. As these embryos lack functional
Pax3, muscle progenitor cells fail to migrate from the
somite into the limb bud (Epstein et al., 1991). Sp5 expres-
sion was not detected in the developing limb buds of
Sp2H/Sp2H mutant embryos, confirming that Sp5 is indeed
xpressed in the migratory muscle precursors which enter
he limb from the somite (Figs. 6C and 6F).
Expression in the pharyngeal region. Prior to the for-
ation of the first somite, Sp5 transcripts were evident in a
road dorsoventral domain at the level of the prospective
idbrain comprising not only neurectoderm and paraxial
esoderm but also definitive gut endoderm (Fig. 4B). At
arly somite stages, expression in the endoderm and over-
ying surface ectoderm appeared to presage the formation of
he pharyngeal pouches and pharyngeal grooves. This was
vident at the 6-somite stage when transcripts accumulated
n bilaterally symmetrical bands of lateral foregut
ndoderm situated where the first pharyngeal pouch will
orm and in the adjacent surface ectoderm which will
ontribute to the first pharyngeal groove (Figs. 4C and 4D).
y the time the first pharyngeal pouch has formed, at the
view of the trunk and limb bud of a 40-somite stage embryo shows
Sp5 expression localised to the dorsomedial and ventrolateral
dermamyotome (asterisk) and proximally within the limb bud
(arrow). (H) The same view of a 40-somite stage embryo shows Pax3
expression throughout the dermamyotome (between asterisks) and
proximally within the limb bud (arrow). (I and J) Transverse
sections through these limb buds reveal that Sp5 and Pax3 tran-
cripts are localised dorsally and ventrally within the limb (dorsal
o the top). Sp5 transcripts are localised more superficially thanFIG. 5. A comparison of Sp5 and Pax3 expression during limb
development. (A–D) Transverse sections through the trunk of a
40-somite stage embryo. Sp5 transcripts are localised to the dorso-
medial (A) and ventrolateral (B) lips of the dermamyotome (black
arrow) and dorsally within the dorsal root ganglion (black arrow-
head, A). Pax3 transcripts are detected throughout the dermamyo-
tome but show elevated levels of accumulation in the dorsomedial
(C) and ventrolateral (D) lips of the dermamyotome (black arrow).
(E) A dorsolateral view of the forelimb bud region of a 22-somite
stage embryo shows Sp5 transcripts localised to the ventrolateral
ermamyotome (between black arrows) adjacent to the limb bud
black line). (F) The same view at the 26-somite stage shows Sp5
ranscripts in dispersed and presumably migrating cells (betweenax3 transcripts.
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366 Harrison et al.12-somite stage, the pouch endoderm and adjacent surface
ectoderm appeared to express high levels of Sp5. This
sequence of restricted expression in the endoderm and
surface ectoderm was recapitulated during formation of the
second and third pharyngeal pouches (Figs. 4I and 4J). By the
22-somite stage, Sp5 transcripts were present in the surface
ctoderm of the first pharyngeal arch and at the 40-somite
tage remained conspicuous in the maxillary and mandib-
lar surface ectoderm (Figs. 4E and 4F).
Targeting of the Sp5 Gene
The Sp5 gene was targeted using a replacement strategy
Fig. 7A). A cassette containing an IRES upstream of the
acZ gene and a cassette for expression of the neomycin-
esistance gene (which confers resistance to the drug G418)
ere inserted between StuI and KspI restriction sites,
hereby deleting nucleotides 141 to 1286 of the Sp5 gene. At
he targeted locus, gene expression is directed by the Sp5
FIG. 6. Expression analysis of Sp5 in Splotch mutant limbs. (A–C)
orsal views of 28- to 30-somite stage embryos at the level of the
orelimb. Sp5 (A) and Pax3 (B) expression is localised proximally
within the limb bud of wild-type embryos (black arrow). (C) Sp5
transcripts could not be detected within the limb bud of the
Splotch mutant embryo (black arrow). (D–F) Transverse sections of
the embryos in (A–C). (D) Sp5 transcripts are localised to discrete
dorsal and ventral patches within the limb bud (black arrowheads).
(E) Pax3 transcripts extend along the dorsoventral axis of the limb
bud (between arrowheads). (F) Sp5 transcripts could not be detected
within the limb bud of the Splotch mutant embryo (black arrow-
head).romoter and results in a bicistronic message. This message
Copyright © 2000 by Academic Press. All rightncodes a truncated Sp5 protein (corresponding to the
-terminal 14 amino acids) and the bacterial
b-galactosidase protein. Expression of b-galactosidase is
therefore under the control of the Sp5 promoter. Two
hundred G418-resistant ES cell clones were selected and 30
were shown to have undergone correct homologous recom-
bination by Southern blot analysis (Fig. 7B). Mouse lines
were established from three independent clones. The mu-
tated allele will be referred to as Sp5lacZ.
In order to define whether the Sp5lacZ null allele affects
evelopment and viability, progeny from heterozygote
Sp5lacZ/1) intercrosses were genotyped. PCR analysis re-
vealed that all three possible genotypes were represented in
the appropriate Mendelian ratios (Table 1). The genotypes
of 123 individuals were determined and no significant
difference was detected between the observed and the
theoretical frequencies. Therefore, we conclude that indi-
viduals hetero- or homozygous for the Sp5lacZ allele are
viable under our conditions of animal husbandry. More-
over, Sp5lacZ/Sp5lacZ mice usually live for at least 1.5 years
without any obvious defect and exhibit normal fertility.
Given the localised accumulation of Sp5 transcripts in the
developing embryo a number of tissues were examined
histochemically or molecularly. A careful analysis of the
skeletons of these individuals at 14 dpc and postnatally
showed no difference compared to their wild-type litter-
mates (data not shown). The pattern of expression of the
Pax3 gene was used to study the migration of limb muscle
progenitor cells. Comparison with previously published
data (Houzelstein et al., 1999) showed that limb muscle
progenitor cell migration is not altered in the Sp5lacZ/Sp5lacZ
mutants (data not shown). No difference was observed
when haematoxylin- and eosin-stained sections of wild-
type and null embryonic brains were compared (data not
shown).
Genetic Mapping of Sp5
The Mouse/Hamster RH panel was used to localise the
Sp5 locus. This panel allows the positioning of a marker on
a chromosome with an estimated average resolution of 1
Mb. We localised Sp5 on mouse chromosome 2, about 40
cM from the centromere between markers D2Mit434 and
D2Mit380. Maps and extensive information on mouse RH
can be found in The Jackson Laboratory RH database site at
http://lena.jax.org/resources/documents/cmdata/. This re-
sult is in agreement with a weak genetic linkage between
Sp5 and the Agouti locus (data not shown).
Genetic Interaction with Brachyury
Considering the similarity of their patterns of expression
(Kispert and Herrmann, 1994; Wilkinson et al., 1990) as
ell as the presence of Sp1 and Sp4 binding sites in the
rachyury promoter (Yamaguchi et al., 1999b), we proposed
hat Sp5 and Brachyury may be involved in a commondevelopmental processes. In order to test this hypothesis,
s of reproduction in any form reserved.
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367Sp5 during Mouse Developmentwe generated double mutants Sp5lacZ/Sp5lacZ, T/1. T is a
radiation-induced deletion generating a null allele of the
Brachyury gene (Dobrovolskaı¨a-Zavadskaı¨a, 1927; Herr-
mann et al., 1990). While normal-length tails are 20 to 30
vertebrae long, tails from T/1 and Sp5lacZ/1, T/1 individu-
TABLE 1
Numbers of Sp5lacZ/Sp5lacZ versus Sp5lacZ/1 and 1/1 Individuals
in Litters Obtained from Sp5lacZ/1 3 Sp5lacZ/1 Matings
Males Females Total
/1 15 12 27
p5lacZ/1 33 34 67
lacZ lacZ
FIG. 7. Organisation of the Sp5 genomic locus and the gene-tar
sequence is indicated as boxes. Restriction enzyme positions are i
The structure of the targeting construct is shown below. The func
indicated. Translation termination codons in all three reading fram
ntry site (IRES) upstream of the lacZ gene and SV40 transcription
romoter driving expression of the neomycin-resistance gene with
eletion of almost the entire Sp5 ORF (between codons 13 and 39
romoter. The PGK-TK expression cassette is for selection agains
omologous recombination at both the 59 and the 39 ends was EcoR
nd 39 probe (an approximately 70-bp KpnI/EcoRI restriction fragm
rom mice at weaning generated from intercrosses of Sp5lacZ/1 using
progeny of a heterozygous intercross. The DNA was restricted with
indicated in (A). A hybridising band of 14 kb represents the wild-typ
represented by 1/1, heterozygotes by 1/2, and homozygotes by 2
encoded by the Sp5lacZ alleles was assessed. Note the expression oSp5 /Sp5 18 11 29 S
Copyright © 2000 by Academic Press. All rightals comprised only 10 to 18 vertebrae (medium tail, 30/34
individuals; Table 2) and occasionnally were fewer than 10
vertebrae long (short tail, 4/34 individuals; Table 2). In
contrast, the great majority of Sp5lacZ/Sp5lacZ, T/1 mice
(17/23 referred to as short tail in Table 2) exhibited a
TABLE 2
Numbers of Individuals with Short (Fewer Than 8 Caudal
Vertebrae) and Medium (between 11 and 18 Caudal
Vertebrae) Tails
Sp5 locus T locus Medium tail Short tail
1/1 and Sp5lacZ/1 T/1 30 4
lacZ lacZ
g strategy. (A) Sp5 locus and the targeting construct. The coding
ted (N, NotI; Nh, NheI; E, EcoRI; S, StuI; Ks, KspI; and Kp, KpnI).
l components of plasmid 1095 (courtesy of Dr. Andrew Smith) are
re depicted as (TAG)3. These are followed by an internal ribosome
ination signals (pA). The selection cassette consists of the MC1
polyadenylation sequence (pA). The targeting event results in the
d brings expression of the lacZ gene under the control of the Sp5
nhomologous recombination. The restriction digest diagnostic of
e positions of the 59 probe (a 0.9-kb NheI/StuI restriction fragment)
are indicated. (B) Southern blot analysis of genomic DNA isolated
iagnostic 59 probe. Genomic DNA was extracted from the postnatal
RI and subjected to Southern analysis with the 59 diagnostic probe
ele and a band of 7 kb the targeted allele. Wild-type individuals are
C) E13 Sp5lacZ/Sp5lacZ embryo in which the b-galactosidase activity
reporter gene in the tip of the tail (white arrow).getin
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368 Harrison et al.dramatic reduction of tail length (Figs. 8a and 8b) consisting
of fewer than 8 vertebrae. This enhancement of the T
henotype in Sp5lacZ/Sp5lacZ individuals appears statistically
significant (Fisher’s Exact test, P value 5 2.7 3 1026).
Furthermore, a proportion of Sp5lacZ/Sp5lacZ, T/1 individuals
exhibited a defect of the lumbar vertebrae never observed in
T/1 or in Sp5lacZ/Sp5lacZ mice. In most of the cases, this
defect consists of an imperfect fusion of the two ventral
halves of the vertebra, resulting in an abnormal centrum,
and affects preferentially L2 and L3 (L, lumbar vertebra). An
extreme case is shown in Fig. 8d (compare with wild type in
Fig. 8c). This dramatic defect in fusion of the centrum is
FIG. 8. Skeleton abnormalities in Sp5lacZ/Sp5lacZ, T/1 mutants.
Skeleton preparations from newborn mice. (a, c) 1/1 and (b, d)
Sp5lacZ/Sp5lacZ, T/1. In the Sp5lacZ/Sp5lacZ, T/1 mutant (b), the tail is
nly six vertebrae long. In the mutant, the two last thoracic and
our first lumbar vertebrae also appear abnormal (d). L1, first
umbar vertebra; S1, first sacral vertebra; Ca1, first caudal vertebra;
, centrum of the vertebra.associated with fusion between consecutive vertebrae. Our
Copyright © 2000 by Academic Press. All rightresults indicate that, although the absence of a functional
Sp5 allele does not affect development, it greatly enhances
the penetrance of the T mutation.
DISCUSSION
We describe the identification, cloning, and characterisa-
tion of Sp5, a novel mouse gene coding for a protein
containing a Cys2His2 zinc finger DNA binding domain of
the Sp1 class. The restricted yet dynamic expression pattern
of the Sp5 gene suggests that it may have a role in a number
of important events during early development. From its
pattern of expression, one might presume that it is involved
in gastrulation and axial elongation; differentiation and
patterning of the neural tube, pharyngeal region, and
somites; and formation of skeletal muscle in the body and
limbs. We failed to detect any phenotype in mice homozy-
gous for a null mutation in Sp5. However, the enhancement
f the heterozygous phenotype in T/1 mutants suggests
hat Sp5 may be necessary for the optimal expression of a
umber of target genes.
The existence of families of transcription factors sharing
onserved DNA binding motifs but affecting transcription
f target genes in very different ways is now well docu-
ented. The vertebrate Sp1-related proteins are emerging
s such a family. Recognition sites for the products of these
enes are found in an extremely large number of cellular
romoters, and their activities have been implicated in an
ncreasing number of cellular functions. Although the sig-
ificance of the Sp1 family during development remains to
e elucidated, it is clear from a large body of data that there
s much scope for transcriptional plasticity afforded by such
family of proteins. As discussed in the Introduction, a
ariety of in vitro studies shows that different members of
he Sp1 family of proteins can have clearly distinct effects
n transcription when bound to the same promoter. This,
resumably, is a consequence of the specific contacts made
etween their transcriptional regulatory domains and other
omponents of the transcriptional machinery. Considering
he multitude of genes whose promoters contain one or
ore GC boxes, it is conceivable that differential regulation
f many genes may be achieved simultaneously by altering
he balance of Sp1-like proteins in the cell. From this
erspective, the balance of Sp1-like proteins ubiquitously
xpressed, such as Sp1 itself (Saffer et al., 1991), with
roteins much more specifically expressed, such as Sp5,
ay be of particular significance if they have very different
ranscriptional properties. We show here that Sp1 and Sp5
ave a very similar affinity for the GC box and are able to
ompete for binding to this motif in vitro. Apart from the
inc finger domain, the two proteins have no similarity (for
xample, it is noteworthy that Sp5 lacks the glutamine-rich
ranscriptional regulatory domains characteristic of Sp1,
p3, and Sp4), and it is therefore likely that they have very
ifferent transcriptional properties.
From the above discussion, one might propose that Sp5 is
s of reproduction in any form reserved.
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369Sp5 during Mouse Developmentimportant in the regulation of many genes. If so, why do the
Sp5lacZ/Sp5lacZ mutants show no obvious phenotype? One
ossible explanation is the existence of as yet unidentified
embers of the same family with overlapping patterns of
xpression, able to functionally compensate for the loss of
p5 gene product. Such a proposal has been suggested to
xplain the lack of effect that disruption of EKLF expression
as on the great majority of its potential target genes (Nuez
t al., 1995; Perkins et al., 1995; Turner and Crossley, 1999).
nterestingly, a novel Sp1-like gene whose sequence and
xpression pattern shares many features with Sp5 has been
dentified (D. Treichel, personal communication). Func-
ional redundancy between these two genes is a possible
xplanation for the absence of phenotype.
A second possibility is that the effects of Sp5 on the
xpression levels of its target genes are more subtle. In this
cenario, Sp5 would act to modulate gene expression rather
han being an “on/off” switch and in the absence of Sp5
ene expression might be altered but not abolished. If this is
he case, lack of Sp5 might not be expected to result in a
rastic phenotype, but rather in phenotypic aggravation of
ther loss-of-function mutations. A prime candidate to test
his hypothesis is the Brachyury gene (for reviews on
rachyury see Herrmann, 1995a,b; Kispert, 1995, and refer-
nces therein). There is considerable overlap in the expres-
ion patterns of Sp5 and Brachyury, specifically during
astrulation in the primitive streak, during axial elongation
n the tail bud, and in the notochord (Kispert and Herr-
ann, 1994; Wilkinson et al., 1990). On this basis Sp5 and
rachyury may be involved in common developmental
rocesses. Of potential importance is the presence of a
henotype in T/1 individuals, which is strongly indicative
hat the precise regulation of the level of the Brachyury
ene product is essential for normal development. Further-
ore, it has been shown that 500 bp of the Brachyury
romoter are sufficient to confer primitive streak- and tail
ud-specific expression on a lacZ reporter gene (Clements
t al., 1996; Schmidt et al., 1997; Yamaguchi et al., 1999a).
wo 100-bp deletions from within this region, encompass-
ng functional Sp1 or Sp4 binding sites (Yamaguchi et al.,
999b), result in a significant alteration of the reporter gene
xpression (Clements et al., 1996). These results suggest
hat these Sp binding sites may be involved in the regula-
ion of the endogenous Brachyury expression.
In order to explore a possible genetic interaction, we
enerated double mutants Sp5lacZ/Sp5lacZ, T/1. The T/1
phenotype varies from virtually normal tails to complete
taillessness (Chesley, 1935). We show here that the fre-
quency of the taillessness is significantly enhanced in
Sp5lacZ/Sp5lacZ, T/1 individuals compared to T/1 individu-
als, indicating a genetic interaction between Brachyury and
Sp5. The nature of this genetic interaction is unclear. One
possibility is that in the absence of Sp5, the binding of
Sp1-like proteins to the Brachyury gene promoter may be
altered and may result in subtle changes in the level of
Brachyury gene expression, resulting in an enhancement of
the tail phenotype. We are currently assessing the levels of e
Copyright © 2000 by Academic Press. All righthe Brachyury gene product in Sp5lacZ/Sp5lacZ, T/1 individu-
als compared to T/1 individuals.
To our knowledge, Sp5 is the first modifier of the T
phenotype to be isolated so far. In a quantitative trait loci
approach, Agulnik et al. (1998) revealed the presence of two
modifier loci of T on mouse chromosomes 9 and 15, which,
surprisingly, both act in a sex-limited manner. Sp5 cannot
be one of them since it maps to mouse chromosome 2 and
it does not show any sex-dependent expressivity. Another
modifier of the T phenotype, Tint, was described by Artzt et
al. (1987). Like Sp5lacZ, Tint specifically enhances the T
phenotype, whereas it does not have any phenotype if only
it is mutated. However, Tint is not genetically linked to the
portion of chromosome 2 bearing Sp5 (J. Scolnick and K.
Artzt, personal communication) and therefore, Sp5lacZ is not
an allele of Tint.
There is considerable similarity between the spatial and
temporal expression pattern of Sp5 and a variety of signal-
ling molecules, in particular members of the Fgf and Wnt
families of proteins. These are expressed during gastrula-
tion in the region of the primitive streak and have been
shown to be necessary for its formation (P. Liu et al., 1999)
r function (Sun et al., 1999). Fgf8 and Wnt1 are also
important in establishing and patterning the midbrain, a
structure in which Sp5 is expressed from the presomite
stage until at least 13 dpc. Like Sp5, both Fgf8 and Wnt1 are
expressed in the isthmus, the region that separates the
caudal midbrain from the rostral hindbrain. In the chick,
transplantation studies have shown this to be an important
signalling centre for midbrain patterning. The ectopic ex-
pression of Fgf8 in the forebrain of both chick and mouse
(Crossley et al., 1996; Lee et al., 1997; A. Liu et al., 1999)
can induce the expression of midbrain markers. Targeted
mutations of Wnt1 and the gene encoding the transcription
factor Pax2 result in loss of the midbrain (McMahon and
Bradley, 1990; Saffer et al., 1991; Schwarz et al., 1997;
Urbanek et al., 1997). Sp5 shares additional domains of
expression with Fgf8 and other members of the Wnt and
Pax families. For example, Fgf8 is expressed in the pharyn-
geal region in both the endoderm of the pharyngeal pouch
and the ectoderm of the pharyngeal groove. A number of
Wnt genes and the gene encoding Pax3 are expressed in the
dorsal neural tube (Bronner-Fraser and Fraser, 1997), and a
mutation in Pax3 results in failure of the neural tube to
close (Epstein et al., 1991).
Expression of Sp5 in the developing somite also suggests
role in patterning the dorsoventral partitioning into ep-
xial (dorsomedial extremity of dermamyotome) and hy-
axial (ventrolateral extremity of dermamyotome) muscle.
n this case, members of the Bmp and Wnt families origi-
ating from the surface ectoderm, neural tube, and axial
nd lateral mesoderm are critical in these patterning events
see Cossu et al., 1996, for review). We show that Sp5 is
etected in cells found in the proximal region of the
orelimb bud. Since this domain of Sp5 expression is lost in
plotch mutants, Sp5 appears to mark a subset of Pax3-
xpressing cells revealing previously unsuspected heteroge-
s of reproduction in any form reserved.
A370 Harrison et al.neity in the migratory muscle precursor cells which invade
the limb.
An emerging theme in development is the expression of
the same important signalling molecules, including mem-
bers of the Wnt, FGF, TGFb/BMP, and hedgehog families,
during important tissue patterning events. The many sites
of expression of the Sp5 gene product suggest that it may be
involved in the coordination of transcriptional changes
required for these signalling molecules to generate pattern.
However, its function may be revealed only by the aggra-
vation of the phenotype in compound mutants, as is the
case with T mutants. Such experiments will be of great
interest to understand the function of members of the Sp1
family as well as conditions for normal and pathological
development.
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